The micronucleus test using fish peripheral blood has been introduced to assess the contamination of water with some mutagenic chemicals. The applicability of the micronucleus test erythrocytes combining acridine orange (AO) fluorescent staining to fish was evaluated as compared with the chromosomal aberration test method. Peripheral blood cells were smeared on glass slides, fixed with methanol, and stained with AO. AO fluorescence microscopy could differentiate between young and mature erythrocytes, thus only young erythrocytes could be observed. The sensitivity to detect the clastogenic effects of chemicals could be increased especially after acute treatment. Mitomycin C (MMC), a potent clastogen, was injected intraperitoneally to gold fishes and rose bitterlings at doses of 2, 4, 10, and 20 mg/kg. The mean frequencies of micronucleated young erythrocytes of three gold fishes peaked 3 days after treatment at 4 mg/kg body weight. Rose bitterlings showed maximum response of micronucleated young erythrocytes and chromosomal aberrations 2 days after treatment with 4 mg/kg of MMC. The cells from embryos of rose bitterlings and metropolitan bitterlings were used for the micronucleus and the chromosomal aberration test. The cultured cells established from fins of rose bitterlings were also used as materials of the chromosomal aberration. 
INTRODUCTION
There are approximately 60000 kinds of chemical substances surrounding us in the industrialized countries, and also a large number of chemicals are introduced newly every year. These chemicals have played the important roles in developing our life style, whereas it is known that some of these chemicals are hazardous to human health. It is, therefore, indispensable to understand the toxicity of chemicals which are taken directly into our body, e.g., pharmaceutical drugs, food additives, and pesticides, and also other chemicals to which people might be exposed. In the last several decades, many kinds of toxicological tests have been performed on many chemicals. The mutagenicity assays play an important role to evaluate the genotoxicity of chemicals and also to predict the carcinogenicity of chemicals. One of the major mutagenicity tests to assess the cytogenetic damage is the chromosomal aberration test using mammalian cells in vitro (Ishidate and Odashima, 1977) and in vivo micronucleus test (Schmid, 1975; Mavournin et al., 1990 ).
Although it is important to use fishes as experimental materials to monitor and to evaluate the degree of pollution of the water system, stUdies are limited in this field. To assess the pollution of water, the micronucleus (MN) test with fishes (Hootman and Raat, 1982; Hose et al., 1987; AI-Sabti, 1986) , chromosomal aberration (CA) test (Kligerman et al., 1975; AI-Sabti, 1986; Mong and Berra, 1979) , and sister chromatid exchange (SCE) test (Kligerman, 1979; Vigfusson et al., 1983; Kligerman and Bloom, 1976) have been reported. SCE was studied with cultured fish cells in vitro by Barker and Rachham (1979) .
In these MN test papers, authors used Giemsa staining and observed all kinds of erythrocytes to score the frequencies of micronucleated erythrocytes. Because it is difficult to differentiate between young and matured erythrocytes by the conventional Giemsa staining. The restriction of young erythrocytes to be observed might not be important to assess the chronical effect of the chemicals, however, to observe only young erythrocytes would provide the more sensitive assay system especially for acute effects of chemicals. In the present study, we applied acridine orange fluorescent staining, which has been used in the micronucleus test with rodents (Hayashi et al., 1983) , to the fish micronucleus test.
MATERIALS AND METHODS
Micronucleus test using adult gold fishes. A well known clastogen, mitomycin C (MMC, Kyowa Hakko Kogyo Co. Ltd., Tokyo, Japan) at dose levels of 2, 4, 10, and 20 mg/kg body weight was injected intraperitoneally to three gold fishes (Carassius auratus) per dose group and they were kept at 20·C. Peripheral blood was collected from caudal vein daily from the 0 to the 8th day and also on the 17th day after treatment. Blood was diluted with an approximately equal amount of fetal bovine serum (FBS, Flow Laboratories Inc., Rockville, MD, USA) and smeared on a clean glass slide. Cells were dried overnight, fixed with absolute methanol for 5-10 min, stained with 0.003% acridine orange (AO) in S4>rensen's phosphate buffer at pH 6.8 for 3-5 min, then slides were rinsed in the buffer briefly and mounted with the same buffer. Because AO stained slides were not able to be stored for a long time, each slide was stained immediately before observation. At least one thousand red fluorescing erythrocytes (REs) were observed by fluorescence microscopy and the frequency of micronucleated REs (MNREs) was recorded.
Micronucleus and chromosomal aberration tests using adult rose bitterlings. MMC at a dose of 4 mg/kg body weight was injected intraperitoneally once to 7 rose bitterlings (Rhodeus oceJJatus oceJJatus) and kept at 24-26·C. The balanced salt solution was injected to one rose bitterling as the negative control. Peripheral blood was collected and smeared daily from the first to the 7th day after treatment for MN scoring. Blood cells were dried, fixed, stained, and observed in the same manner as for gold fishes.
Chromosome preparations were made by the method described by Ueda (1986) with minor modifications. Briefly, the kidney and the gill were washed once in solution A which contained colchicine (Eagle's MEM medium + 5% FBS + 15mM HEPES + 0.005% colchicine, at pH 7.0). They were minced with scissors in a Petri dish (Corning Glass Works Co., NY, USA). Cells were suspended in about 5 ml of solution A and pipetted gently. The liberated cells were transferred to a centrifuge tube and allowed to stand for 30 min at room temperature (26"C) to arrest metaphase cells. The cells were centrifuged at 1000 rpm for 5 min and cell pellet was re-suspended in 5 ml of hypotonic KCl aqueous solution (0.5%) for 30 min at room temperature. Then cells were transferred into a 1.5 ml micro tube (Iwaki Co., Tokyo, Japan), and fixed with 1: 3 acetic acid ethanol. After gently pipetting with the tip for the micro pipet, the cells were centrifuged at 1000 rpm for 5 min. The fixative was renewed several times and finally replaced with small amount of acetic acid ethanol (1:1). The cells were dropped on a clean glass slide, and air-dried. The cells were stained with 5% Giemsa in S4Irensen's phosphate buffer at pH 5.8 and rinsed several times in water.
Micronucleus and chromosomal aberration test using embryos of rose bitterling and metropolitan bitterling. The artificially fertilized eggs of rose bitterlings and metropolitan bitterlings (Tanakia tanago) , were transferred to the 96 holes microplate (Flow Laboratories Inc., Rockville, MD, USA) filled with MMC aqueous solution at concentrations of 0.2, 2, 20, 200, 400, and 800 Ilg/ml: The eggs were kept at 17-19"C for one day. Three embryos, their chorion and yolk removed , per dose group were combined and put to a micro tube with solution A. Embryonic cells were treated with colchicine for 30 min at room temperature to accumulate metaphase cells. The cells were centrifuged at 1000 rpm for 5 min and treated with 1 ml of 0.6% sodium citrate for 2 min at room temperature after gentle pipetting. After hypotonic treatment, cells were fixed with 1:3 acetic acid ethanol with several changes. Finally fixative was replaced with 1:1 acetic acid ethanol and the chromosome preparations were made by air-drying method.
Chromosomal aberration test using cultured cells of rose bitterling. The cell line established from fins of rose bitterling (about 6 months in culture, more than 15 passages) was used in this study. The cells were subcultured to 13 Petri dishes (Corning Glass Works Co., NY, USA) with equal cell density and sealed with parafilm, then they were incubated at 17-19"C. Cells were treated for 4, 17, 22, 26, 41 and 48 h with MMC at the final concentrations of 0.16 and 0.33 Ilg/ml and also treated with 3-(1-anilinoethylidene)-5-benzylpyrrolidine-2,4-dione (TN-16, Wako Pure Chemical Industries, Ltd., Osaka, Japan) at 0.3 Ilg/ml for the last 4 h to accumulate metaphase cells. 48 h after subculture, cells were treated with 0.15% trypsin solution for 2-5 min at room temperature and collected in a centrifuge tube (10 ml). Air-dried chromosome slides were made in the same way as in adult fishes after the hypotonic treatment (0.5% KCl for 10 min at room temperature).
RESULTS AND DISCUSSION
The frequencies of MNREs in gold fishes after treatment with MMC are shown individually in Table 1 dependently up to 4 mg/kg, however, the higher two treatment groups showed less frequent MNREs and these fishes died afterward. The frequency of MNREs peaked at 4 mg/kg 3 days after treatment. The dose range of MMC to induce MN in gold fishes was comparable to that in mice (Sato et al., 1989) .
The frequencies of CAs and MNREs in adult rose bitterlings treated with MMC are shown individually in Table 2 . Chromatid and chromosome gaps, breaks, exchanges, and micro chromosome which did not appear in the standard karyotype (Ojima et al. 1973 ) were scored as CA, and numbers of metaphase with one or more CA(S) were recorded based ell = :9 The frequencies of CAs and micronucleated embryo cells (MNECs) in rose bitterling and metropolitan bitterling embryos treated with MMC are summarized in Table 3 . CAs were scored in the same way as in adult fishes. CAs and MNECs were increased dose dependently after incubation of embryos in more than 0.2 Ilg/ml of MMC. 400 and 800 Ilg/ml MMC inhibited the development of rose bitterlings embryos. Although cell proliferation was inhibited and only a few metaphases were observed, almost all metaphases observed had one or more CA(s) at 200 Ilg/ml. The frequencies of CAs in cultured rose bitterlings cells are shown in Table 4 . The CAs were scored in the same way as in adult fishes. CAs were induced by treatment of 0.16 and 0.33 Ilg/ml MMC. Induction of CAs was delayed after treatment at 0.33 Ilg/ml by about one day after treatment at 0.33 Ilg/ml compared with that at 0.16 Ilg/ml, because the cell proliferation was suppressed by the treatment with higher concentration of MMC. Almost all metaphases 41 h after treatment or later showed one or more CA(s).
The percentages of cells with CAs were generally higher than those with MNREs and MNECs. This does not, however, mean that the CA test is more sensitive to detect clastogenicity of test chemicals than the MN test is. Because number of cells scored was much lower in the CA test (more or less 50 metaphases per fish) than in the MN test (at least 1000 REs per fish). From a statistical point of view, if the rates of effect are the same, the bigger size of sample gives higher power to detect the response. Therefore, the sensitivity of the test depends not only on the percentages of abnormal cells but also on the number of cells observed.
In conclusion, fish erythrocytes could be used as an experimental material for the MN test combined with AO fluorescent staining to detect clastogenicity as well as the CA test. Embryonic cells developing in the water containing chemicals to be tested can serve a good material for the CA and the MN test. Also, the cultured fish cells in vitro could be used as well as mammalian cells in vitro for the CA test. Certainly more studies are needed to establish the methods to use fish cells for the CA and the MN test routinely, especially to be a cytogenetic-monitoring system of water pollution.
